A B S T R A C T Using a radioimmunoassay with labeled synthetic tetradecapeptide somatostatin, a large amount of immuinoreactive somatostatin was found in the principal pancreatic islet of the channel catfish (Ictalurus punctata). The purpose of these experiments was to isolate and characterize the somatostatin-like material. Extracts of islets were chromatographed on a BioGel P-30 column, and over 90% of the immunoreactive somatostatin migrated with proteins at least twice the size of synthetic tetradecapeptide somatostatin. This fraction was further purified by ion-exchange chromatography on carboxymethyl-cellulose and DEAEcellulose columns. Two peptides were obtained with identical immunoreactivity, which was -25% that of the synthetic somatostatin. Each peptide was judged to be >95% pure by thin-layer electrophoresis, polyacrylamide gel electrophoresis at pH 8.9, and highpressture liquid chromatography. Further criteria of purity included amino-terminal analysis of fraction IV yielding only aspartic acid. A total of 1.3 mg of fraction II, and 3.8 mg of fraction IV somatostatin-like peptides were ob)tained from 10 g of fresh frozen islets.
A B S T R A C T Using a radioimmunoassay with labeled synthetic tetradecapeptide somatostatin, a large amount of immuinoreactive somatostatin was found in the principal pancreatic islet of the channel catfish (Ictalurus punctata). The purpose of these experiments was to isolate and characterize the somatostatin-like material. Extracts of islets were chromatographed on a BioGel P-30 column, and over 90% of the immunoreactive somatostatin migrated with proteins at least twice the size of synthetic tetradecapeptide somatostatin. This fraction was further purified by ion-exchange chromatography on carboxymethyl-cellulose and DEAEcellulose columns. Two peptides were obtained with identical immunoreactivity, which was -25% that of the synthetic somatostatin. Each peptide was judged to be >95% pure by thin-layer electrophoresis, polyacrylamide gel electrophoresis at pH 8.9, and highpressture liquid chromatography. Further criteria of purity included amino-terminal analysis of fraction IV yielding only aspartic acid. A total of 1.3 mg of fraction II, and 3.8 mg of fraction IV somatostatin-like peptides were ob)tained from 10 g of fresh frozen islets.
Characterization of the two peptides revealed both peptides slightly more acidic than synthetic tetradecapeptide somatostatin. Fraction II had an isoelectric point of 8.0-8.3 , and fraction IV 8.3-9.0. Molecular weight estimation by sodium dodecyl sulfate-urea polyacrylamide gel electrophoresis revealed similar mobility of both peptides, between pancreatic polypeptide (mol INTRODUCTION Somatostatin, a tetradecapeptide isolated from ovine hypothalamic extracts, was originally purified because of its ability to inhibit growth hormone secretion from the pituitary (1) . Afcter elucidation of its structure, chemical synthesis provided large quantities for further studies. Somatostatin-like immunoreactivity was demonstrated to be widely distributed in the central nervous system, as well as in the gastrointestinal tract (2) . In the pancreas, somatostatin-like immunoreactivity was localized to secretion granules within specific islet cells, D cells (3) (4) (5) . These cells are adjacent to pancreatic islet,(3-and a-cells that contain insulin and glucagon, respectively. While pharmacologic studies indicated that synthetic tetradecapeptide (SRIF)' inhibits insulin and glucagon secretion (6) , the physiological signifi-cance of these effects is not known. After ingestion of food, somatostatin from pancreas and gut is released into the blood (7) (8) (9) . It has been suggested that pancreatic somatostatin biological activity may be mediated through cell-to-cell interactions (paracrine effect) (10) , as opposed to a purely endocrine effect.
The chemical nature of pancreatic somatostatin has been studied in a number of species. Rat (11) , chicken (12) , and pigeon (13) pancreas extracts gave an inhibition curve in a radioimmunoassay which paralleled that of SRIF. The majority of somatostatin-like immunoreactivity from human tumor (14) , chicken (12) , and pigeon pancreas extracts (13) chromatographed with SRIF by gel filtration, but small amounts of larger forms were also reported. The majority of that extracted from rat pancreas migrated in the void volume of a Sephadex G-25 column (11) . Recently, a pancreatic somatostatin was isolated from pigeon pancreas that was identical to tetradecapeptide somatostatin from ovine hypothalamus (13) .
To further evaluate the physiological significance of fish pancreatic somatostatin, it is necessary to isolate this peptide in sufficient quantities to characterize it and determine its biological activity. Weir et al. (12) reported high levels of somatostatin in chicken compared to mammalian pancreas (3.8 ,ug/g of tissue in the chicken vs. 0.14 ,ug/g in the rat); channel catfish have been reported to contain even higher levels of pancreatic somatostatin (5, 15, 16 column. They were then pooled, lyophilized, and further purified by ion-exchange chromatography.
Ion-exchange chromatography. Ion-exchange chromatography was performed similarly to that previously reported (17) . A carboxymethyl cellulose (CM-cellulose) column (10 x 0.9 cm, CMI-52 preswollen, microgranular; Whatman Inc., Clifton, N. J.), pre-equilibrated with sodium acetate, 0.024 M, pH 4.0, was used. The sample was applied and the column eluted with at least two columni volumes of buffer, until the absorption at 280 nm returned to base line. This was followed by a continuous sodium chloride gradient elution to a final concentration of0.35 M, at a rate of 20 ml/h. Sample volumes were 2.55 ml. A DEAE-cellulose column (0.9 x 12 cm, DE-52 preswollen, microgranular, Whatman Inc.) was equilibrated with 0.01 M Tris-2.5 M1 urea buffer, pH 8.0. Elution with the salt gradient was the same as that for CM-cellulose chromatography, and samples of 1.8 ml were collected. The column eluents were monitored at 280 nm on an LKB uvicord monitor, and confirmiied by measuring their absorbance at 220 nm with a Gilford spectrophotometer (Gilford Instniment Laboratories Inc., Oberlin, Ohio). All fractions were desalted on a Bio-Gel P-2 column equilibrated with 1 M acetic acid.
Molecular weight determinations. Molecular weight of the purified peptides was estimated by gel filtration in urea and by sodium dodecyl sulfate (SDS)-urea polyacrylamide slab gel electrophoresis. Synthetic somatostatin (Ayerst Laboratories, N. Y.) was reduced and carboxymethylated (CM-SRIF) as described (18) , and then applied to a Bio-Gel P-6 column (0.9 x 29 cm, 0.01 M Tris-8 Mturea, pH 8.0). The sample volume was 300 ul. This column was also calibrated with aminoethylated bovine insulin a-and a-chains. Aminoethylation of bovine insulin (Sigma Chemical Co., St. Louis, Mo.) was performed by the method of Raftery and Cole (19) .
SDS-urea polyacrylamide gel electrophoresis was performed by a modification of the method of Swank and Munkres (20) , using the discontinuous buffer system of Laemmli (21) in 17.5% acrylamide (Bio-Rad Laboratories) slab gels with 8 M1 urea as previously described (17) . The protein standards (ovalbumin, mol wt 43,000; chymotrypsinogen, mol wt 23,200; myoglobin, mol wt 17,200; cytochrome C, mol wt 12,000; and bovine insulin, mol wt 5,700) were supplied by Sigma Chemical Co. Porcine proinsulin, mol wt 9,000 bovine pancreatic polypeptide, mol wt 4,500, and porcine glucagon, mol wt 3,500 were suipplied by Dr. Ronald Chance, Eli Lilly & Co., Indianapolis, Ind.
Determination of immunoreactive somatostatin and protein content. Somatostatin immunoreactivity was measured by a previously described radioimmunoassay (22) which utilizes antiserum H30-20 produced in rabbits immunized with a somatostatin-thyroglobulin conjtugate, ['?5I]tyrosine-1 I-somatostatin label, and synthetic cyclic somatostatin standards. The antisertum is specific for the central, hydrophobic region of the tetradecapeptide and is most sensitive to alterations in amino acid residues seven and eight. No cross-reactivity was observed for a variety of gastrointestinal peptides incluiding insulin, glucagon, secretin, cholecystokinin-pancreozymnin, gastrin, and pancreatic polypeptide. This assay detects as little as 5 pg of somatostatin. Intra-assay variation is 8.5% and interassay variation is 9.7%. Aliquots of extracts and columiln fractions were diluted in 0.05 M sodium phosphate buffer, pH 7.5 before assay. Protein determinations were performed by the method of Lowry (23) with bovine insulin as a standard.
Electrophoresis. Thin-layer electrophoresis was performed on cellulose acetate plates (20 (25) .
Bioassay. The biologic activity of purified pancreatic somatostatin was tested by the ability to inhibit growth hormone secretion by primary rat anterior pituitary cell cultures as previously described (26) . Each sample was assayed in triplicate.
RESULTS

Isolation of immunoreactive pancreatic somatostatin
Isolation of pancreatic somatostatin was achieved by sequential chromatography of islet extracts followed by an assay of each subsequent fraction for immunoreactive somatostatin. A flow diagram of the overall purification scheme is presented in Fig. 1 . Gel filtration chromatography on Bio-Gel P-30 yielded four major fractions as indicated in Fig. 2 . Greater than 90% of the immunoreactive somatostatin was found in fraction CD. The estimated molecular weight of this fraction was 3,000-6,000 as determined by calibration with standard proteins. SRIF chromatographed in fraction E. Since most of the immunoreactive pancreatic somatostatin was in Bio-Gel fraction CD, this fraction was pooled, lyophilized, and rechromatographed on Bio-Gel P-30. The mobility of the immunoreactive somatostatin did not change. This fraction was subjected to chromatography on CM-cellulose at pH 4.0 (Fig. 3) (Fig. 5, lane 1) . CM-cellulose fraction II was seen to be composed of one major and two to three minor peptides, all less basic than synthetic somatostatin. CM-cellulose fraction II was further chromatographed on DEAE-cellulose and separated into fractions Ha-f. Fraction Ila, which accounted for the majority of immunoreactive somatostatin, contained the major peptide with some minor contaminants. Electrophoresis of CM-cellulose fraction IV was compared to synthetic somatostatin in Fig. 6 . Fraction IV contained two major and two minor peptides, again all more acidic than synthetic somatostatin. When CM-cellulose IV was chromatographed on DEAE-cellulose, the highest immunoreactive somatostatin fraction was fraction IVa, which contained one major peptide, also more acidic than synthetic somatostatin. This peptide was slightly more basic than the purified CM-cellulose fraction Ila seen in the last lane of Fig. 6 . The purified pancreatic immunoreactive somatostatins CM-cellulose II DEAE a (Ila), and CM-cellulose IV DEAE a (IVa) were electrophoresed on polyacrylamide (Fig. 7) . After an injection artifact, three peaks were observed. Peak 1 comprised 22 of the 27 ,ug of protein applied, and all of the immunoreactive somatostatin. Peak 1 was subjected to thin-layer electrophoresis and one peptide was observed with mobility identical to the major peptide in fraction hIa.
Molecular wceight estimation. To determine whether the purified pancreatic somatostatins were aggregates of tetradecapeptide somatostatin, or somatostatin bound to larger proteins, the proteins were boiled in SDS and electrophoresed on SDS-urea polyacrylamide gels (Fig. 8) . The mobility of the immunoreactive somatostatins from fractions Ila (Fig. 8, lane 2) and IVa (Fig.  8 , lane 4) were identical to each other, and were unchanged by the addition of mercaptoethanol (Fig. 8,  lanes 3 and 5) . While it is difficult to estimate the exact molecular weight of small peptides on SDS-polyacrylamide gels (20) , these immunoreactive pancreatic somatostatins are larger than synthetic somatostatin (Fig. 8, lane 6 Fig. 8, lane 7) .
Another estimate of the molecular weight of pancreatic somatostatin was obtained by gel filtration chromatography on a Bio-Gel P-6 column in 8 M urea (Fig.  9 ). This column was calibrated with aminoethylated VT compared to SRIF on a weight basis (Fig. 10B ) the displacement was identical and -25% that of synthetic somatostatin.
Amino acid composition and end-group analysis. The purified pancreatic somatostatins hIa and IVa were hydrolysed and subjected to amino acid analysis ( Pancreatic somatostatin (Ila) was seen to migrate slightly larger than aminoethylated /3-chain of bovine insulin. The molecular weight estimation of 3,700 (Fig. 10B) is in close agreement with that observed by SDS-polyacrylamide gel electrophoresis.
Immunochemical studies. The immunochemical relationship of purified pancreatic somatostatins was compared with SRIF ( Fig. 10) . Serial dilution of a total pancreatic extract and of purified pancreatic somatostatin gave displacement curves parallel to that of SRIF in the radioimmunoassay (Fig. IOA) . This indicated that the immunochemical determinants of the purified proteins that were recognized by this particular antibody were indistinguishable from those present in the crude DISCUSSION Fish islets are an excellent source for isolation of pancreatic somatostatin. Pancreatic islets make up 1% of the total pancreatic tissue in mammals and birds. In teleost fish, however, the endocrine pancreas is separate from the exocrine pancreas, and islets exist as fairly large endocrine organs weighing up to 60 mg in 5-lb fish (unpublished observation). Brinn reported a large quantity of somatostatin containing D cells in channel catfish (15) . This has been confirmed by an immunocytochemical study in which insulin:somatostatin: glucagon-containing cells were present in a ratio of 9:6:4 in both anglerfish and catfish (5). 5 mg of pancreatic somatostatin was isolated from islets obtained from 400 lb of fish (-100-150 fish). On the basis of previously published estimates (11) (12) (13) fish somatostatins are bigger. Furthermore, the sequence of fish insulins differs from mammalian insulin in up to 50% of the amino acids, yet they maintain considerable biological activity in mammalian systems (28 A small amount of somatostatin comigrated with the tetradecapeptide. It was noted that both big and small somatostatin from crude pancreas and stomach extracts displaced tracer in a manner parallel to that of synthetic somatostatin, indicating that the gastric and pancreatic somatostatin-like substances were immunologically indistinguishable from the somatostatin tetradecapeptide. Spiess et al. (13) found most of the somatostatin-like activity of pigeon pancreas was 1,500-2,500 mol wt, but a small amount of material 11,000-12,500 mol wt was also found. Noe et al. (29) incubated slices of anglerfish islets for several hours, then chromatographed acid extracts on Bio-Gel P-10. A small amount of high molecular weight immunoreactive somatostatin was observed, but the majority comigrated with the synthetic tetradecapeptide. Species differences, extraction methods, and varying affinity of antibodies for larger forms of somatostatin (30) , may account for the differences observed. The chemical structure of the catfish pancreatic somatostatin has yet to be determined. Recently, a peptide with somatostatin-like immunoreactivity was isolated from acid extracts of porcine intestine (31) . Preliminary chemical characterization suggested that it was somatostatin with an amino terminal extension of seven amino acids.
In the present study, the overwhelming majority of immunoreactive pancreatic somatostatin migrated in the region of insulin and glucagon by gel filtration chromatography, whereas only a small amount of immunoreactive somatostatin was detected in larger and smaller fractions. Further purification of this fraction yielded two peptides of identical size, -3,700 mol wt. Rechromatography on Bio-Gel in the presence of 8 M urea, as well as electrophoresis under denaturing conditions after being boiled in SDS, ruled out the possibility of nonspecific aggregation or binding to other islet proteins. Since these peptides were extracted from fresh frozen islets under conditions where proteolysis was minimized, they probably represent the major storage form of immunoreactive somatostatin present in pancreatic islets. Amino acid analysis suggested that the two peptides are very similar, and differ at most by four or five amino acids. The differences observed between the fish pancreatic somatostatins and hypothalamic tetradecapeptide somatostatin could be due to either species or tissue differences. Both peptides have full biological activity relative to SRIF inhibition of growth hormone release at 1 ,uM. We have not evaluated other concentrations to evaluate relative potencies. Other biological activities and receptor binding studies may be informative.
